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The results of previous investigations by the writer (Purdy,  1928,  1929)  have 
shown that when rabbits receive a  series of injections of saline extracts of leaves 
from  tobacco plants affected with  the  filterable virus of  common  field mosaic 
disease, the serum of these animals forms a  heavy precipitate when mixed with 
virus extract and incubated for a suitable period.  No precipitate occurs, however, 
when the virus extract is added to serum drawn from a  rabbit prior to injection 
of the plant juice.  It has been shown further that precipitins for leaf extracts of 
normal tobacco plants can also be produced in  rabbits by the same method of 
hyperimmunizafion.  Serum from animals injected  with juice from normal tobacco 
leaves forms a precipitate upon the addition of extracts of either normal or diseased 
tobacco;  antiseruna for virus extract likewise contains precipitins for juice from 
normal as well as from diseased tobacco leaves.  However,  the reaction differs 
noticeably in the amount of precipitate formed in the various combinations of the 
two  anfisera  and plant  extracts.  The  precipitate resulting from  a  mixture  of 
juice from normal tobacco and either antiserum is never heavy and rarely occurs 
in a  saline dilution of antiserum exceeding 1:9.  Likewise, in mixtures of virus 
extract and antiserum for juice from normal tobacco leaves, only a slight precipita- 
tion occurs and only in low dilutions of antiserum.  The largest amount of precipi- 
tate is produced in a mixture of virus extract and antiserum for virus extract, the 
homologous antiserum.  Although in  the preparation of the plant extracts the 
same quantity of normal and diseased leaves by green weight may be used in 
each case for a given volume of saline solution, antiserum for virus extract of high 
precipitin titer will react with normal juice to form a  precipitate in a  dilution of 
antiserum,  rarely exceeding  1:9.  Upon  the  addition of virus extract  to  virus 
antiserum, a precipitate may form in a dilution as high as 1 : 2000.  The observa- 
tion that virus extract reacts more readily with the homologous antiserum led to 
the assumption that there might be some substance present in virus extract not 
found in normal tobacco leaf extract that is responsible for the reaction.  Con- 
* These investigations were begun  during  the  tenure  of a  National  Research 
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sequently, precipitin-absorption  experiments were undertaken in which the precipi- 
tins for normal tobacco extract were absorbed from the antiserum for virus extract 
by adding small amounts of juice from normal tobacco leaves and incubating the 
mixtures  for 1~ hours at 37°C.  After standing overnight in the ice chest,  the 
mixtures  were centrifugalized  to throw down  the precipitate.  The supernatant 
fluid was then drawn off and more normal juice was added to the partially absorbed 
serum.  The process  was  continued  until  no precipitate  was formed  upon  the 
addition of normal juice,  whereupon  the absorption was regarded  as complete. 
The amount of normal juice necessary for complete absorption  of the precipitins 
was small, so that the dilution of the antiserum by the addition of normal juice is 
a  negligible factor.  The  subsequent  addition  of  virus  extract to the antiserum 
from which all of the precipitins for normal juice had been absorbed  resulted in the 
formation  of a  heavy flocculent precipitate.  These  results  were interpreted  as 
evidence of the presence of material in virus extract not found in normal juice and 
antigenic  in nature, i.e.  capable  of stimulating  the production  of  antibodies,  in 
this instance precipitins, upon injection into an animal. 
It  was  suggested  that  the  antigenic  material  specific  for  virus 
extract and not present in extracts of normal tobacco leaves might be 
either foreign protein or protein of the tobacco plant altered by mosaic 
disease, with a consequent change in its antigenic property.  If foreign 
protein,  two  possibilities  are  open  to  consideration,  the  antigenic 
material might be virus itself or protein from microorganisms present 
in the mosaic diseased plant in the r61e of secondary invaders. 
Matsumoto  (1930) using  a  similar  method  of  hyper~mmunization  likewise 
produced precipitins  in rabbits for vires extracts of tobacco affected with mosaic 
disease. 
In earlier  experiments,  it  was  also  shown  by the present  author  that  leaf 
extracts of tomato, pepper,  and petunia, affected with  the virus of common field 
mosaic disease, react with  antiserum  for virus extract of tobacco to form specific 
precipitates.  Matsumoto and Somazawa  (1930) hyperimmunized  rabbits sepa- 
rately to virus  extracts  of both tobacco and tomato.  They then demonstrated 
by precipitin-absorption  experiments  that all precipitins  in either  antiserum  could 
be removed by complete absorption with the virus extract of either tobacco or 
tomato, thus proving the identity of the specific antigenic material in  the case of 
both hosts of the virus. 
It was  thought that  more  evidence  concerning the  nature  of  the 
antigenic material  specific for virus extract might be obtained  by  a 
further  investigation  of  the  specificity  of  the  precipitin  reaction. 
Three main lines of attack were planned.  Only one kind of antiserum HELEN  PUI~D¥ BEALE  465 
was used throughout  the experiments, namely the antiserum for virus 
extract of tobacco (Nicotiana tabacum L. vat. Turkish)  affected with 
common field mosaic disease.  However, the source of virus extracts 
employed in the precipitin tests was varied.  In one set of experiments, 
leaf extracts were prepared  from other plants  than  tobacco, affected 
with  virus  diseases  distinct  from  tobacco  mosaic.  This  source  of 
virus extract was used on the assumption that if the specific antigenic 
material in tobacco virus extract  were altered tobacco protein, similar 
substances might  conceivably be found in different virus  diseases as 
a result of a like alteration of normal  host protein. 
In another set of tests, leaf extracts of different  hosts affected with 
the  same  virus,  that  of  the  common  field mosaic  of  tobacco,  were 
tested for the presence of material reacting with the specific precipitins 
in antiserum  for tobacco virus extract.  It was thought  desirable to 
determine whether or not all hosts of the virus available for  tests would 
give a positive precipitin reaction with the antiserum. 
Finally,  a  set of experiments  was undertaken  in which two other 
viruses,  distinct  from  that  of tobacco mosaic,  were multiplied  sepa- 
rately in  a  common  host,  Turkish  tobacco, which is  also  a  host  of 
tobacco  mosaic  virus.  Leaf  extracts  of  the  common  host  affected 
with these different viruses were tested with the antiserum for tobacco 
mosaic  virus  extract  for  substances  capable  of  reacting  with  the 
specific precipitins.  By such a  procedure it  seemed likely that some 
evidence  might  be obtained  relative  to  the  nature  of the  antigenic 
material  present  in  virus  extract  and  not  found  in  normal  tobacco 
leaves. 
EXPERIMENTAL  PROCEDURE 
Preparation of Antig~s.--AU  plant extracts were prepared by grinding  green 
leaves to a pulp in a mortar with saline (0.85 per cent) solution.  The macerated 
tissue was then removed by passage through  coarse filter paper.  A clear filtrate 
was then obtained by using a  combination of Nos.  5  and 42  hard filter papers 
(Whatman). 
Hyperimmunization of Rabbits.--The method described in detail in an earlier 
article (Purdy, 1929)  was followed in general, except that in addition to  the intra- 
venous route for injection, the intraperitoneal was employed with equally good 
results.  It was also found that after a rest period of about 20  days following the 
first five injections and then after every two injections for a  couple of times, the 466  TOBACCO  MOSAIC  DISEASE 
precipitin titer of the antiserum was markedly increased, t  When the intravenous 
route was employed for hyperimmunization, only 0.5 cc. of antigen was adminis- 
tered at the first injection immediately following a rest period in order to  avoid 
possible anaphylactic shock.  The remainder of the antigen,  usually about 1 cc., 
was injected an hour later. 
Precipltin Experiments.--0.3 cc. each of undiluted antigen and antiserum, undi- 
luted or in a dilution of 1 :  4, were thoroughly mixed and the contents of the tubes 
were incubated for 1  ~ hours in a water bath at 3 7°C.  Upon removal from the water 
bath the tubes were examined for the presence of precipitate and placed in the ice 
chest overnight.  The following morning a final record was made of the presence 
or absence of precipitate.  The precipitin tests were repeated several times with 
each antigen employed.  In every set of tests control tubes were included,  some 
containing antigen with saline solution in place of antiserum, others having anti- 
serum with saline solution substituted for antigen. 
Precipitin Tests with Extracts of Different Viruses of Plants Other than 
Tobacco 
Sudan  grass  affected  with  the  virus  of  sugar-cane  mosaic,  and 
ttippeastrum  equestre Herb.  and  lily  affected with  their  respective 
mosaic diseases, were selected as representative of virus diseases with 
which  intracellular  bodies  are  associated  resembling  those  found  in 
tobacco mosaic disease.  In the case of these four maladies not only 
the macroscopic but the microscopic symptoms of the diseases  bear 
a  similarity  to  one  another.  Mosaic  diseased  plants  of Abutilon 
striatum  Dicks.  (A.  Thompsoni  hort.)  were  chosen  as  typical  of 
infectious chloroses transmissible  by grafting, while yellows of peach 
was  taken  to  represent  another  type of infectious chlorosis  distinct 
from the mosaic type, but with symptoms sufficiently characteristic to 
include  the  disease  in  the  class  attributable  by  Kunkel  (1928)  and 
others  to  filterable  viruses.  In  none  of  the  maladies  referred  to, 
except tobacco mosaic, has actual filtration of the vitals been demon- 
strated, but as Kunkel points out they may be regarded as members of 
the group of diseases caused by viruses inasmuch as they produce a set 
of symptoms in  their hosts  characteristic of known filterable viruses 
and distinct from the symptoms resulting from infections caused by 
recognized plant parasites such as bacteria and fungi.  In the case of 
many diseases  included  in  the  group due to filterable viruses, lack of 
1  This observation was  made  during  a  series  of experiments carried  out  in 
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ability to transmit the diseases mechanically has rendered proof of the 
filterability of the infectious agents impossible. 
Extracts  of  these  various  plants,  Sudan  grass,  Hippeastrum,  lily, 
Abutilon,  and peach,  affected with different viruses were mixed with 
the antiserum for virus extract of tobacco affected with mosaic disease. 
TABLE  I 
Precipitin Tests with Antiserum for Tobacco Mosaic  Virus and Extracts of Various 
Plants Affected with Different Viruses 
Anfi~rtm~ 
Undiluted 
(1:4)  dil. 
Undiluted 
(1:4) die 
Undiluted 
(1: 4) dil. 
Undiluted 
(1:4) dil. 
Undiluted 
(1:4) dil. 
Undiluted 
(1:4) dil. 
Antigen 
Host 
Sudan grass 
c#  ~4 
Hippeastrum equestre 
Lily 
A butilon stria~m 
(A. Thompsoni  hort.) 
Peach 
N icotiana tabacum 
var. Turkish 
Disease 
Mosaic 
4~ 
~L 
4~ 
4~ 
~C 
Yellows 
Tobacco mosaic 
Precipitate* 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
++++ 
++++ 
* 0  =  no precipitate. 
-4-  =  very slight precipitate. 
+  =  slight precipitate. 
+ +  = moderate precipitate. 
+ + +  =  heavy precipitate. 
+ + + +  -- very heavy precipitate. 
After an incubation period of 1¼ hours the tubes were placed in the ice 
chest and on the following morning a record was made of the presence 
or absence of precipitate.  The antiserum was used undiluted and in a 
dilution  of  1:4.  Tubes  containing a  mixture  of antiserum  and  the 
homologous antigen were included in each set of experiments. 468  TOBACCO  MOSAIC  DISEASE 
Results.--.Extracts  of  ttippeastrum  equestre, lily,  and  Abutilon 
striatum  (A.  Thompsoni  hort.),  affected with  the  viruses  of  their 
respective mosaic  diseases;  Sudan  grass,  affected with  the  virus  of 
sugar-cane  mosaic;  and  peach,  affected  with  yellows,  formed  no 
precipitate with antiserum for virus extract of tobacco mosaic disease 
(see Table I). 
Precipitin Tests with Different Plant Extracts of Tobacco Mosaic Virus 
It has been demonstrated previously (Purdy,  1929)  that  extracts 
of tomato,  pepper,  and  petunia  affected with  the  virus  of tobacco 
mosaic disease form heavy precipitates when added to the antiserum 
for virus  extract  from  tobacco  leaves.  Matsumoto  and  Somazawa 
(1930)  have further shown that the precipitins in antiserum for the 
virus extract of tobacco and tomato are apparently identical.  Other 
plants reported here have been added to the list of hosts of tobacco 
mosaic virus already tested for the ability to precipitate antiserum 
for virus extract of tobacco.  Saline extracts of Nicotiana  gliutnosa 
L. and N. rustica L. affected with the virus were tested with the anti- 
serum.  All  the  hosts  of  tobacco  mosaic  virus  so  far  reported  as 
sources of virus in the precipitin tests are members of the Solanaceae 
and  only  a  few hosts  outside  of this  family are  mentioned in  the 
literature,  to  which  the  virus  has  been  successfully  transmitted. 
Among them are bean  (Price,  1930),  the crookneck squash  (Elmer, 
1922),  and Martynia louisiana Mill. (Elmer, 1925).  Bean and squash 
have not yet been tested but  Martynia,  infected with the  virus of 
tobacco mosaic, has been used as a source of virus extract to determine 
its ability to form a  precipitate when mixed with equal parts of the 
antiserum.  Martynia  belongs  to  the  family  Martyniaceae,  which 
is closely related to the Solanaceae. 
Results.--Leaf  extracts  of  Nicotiana  rustica,  N.  glutinosa,  and 
Martynia  affected with  tobacco  mosaic virus precipitated  the  anti- 
serum for the same virus obtained from Turkish tobacco (see Table II). 
Precipitin  Tests  with Tobacco Extracts  of Three Distinct  Viruses 
Two virus diseases of Turkish tobacco distinct from tobacco mosaic 
were selected to test further the specificity of the precipitin reaction 
for a  given strain of virus on the same host  plant that was used for HELEN  PURDY  BEALE  469 
hyperimmunization.  Ringspot  disease  and  cucumber  mosaic  are 
both  successfully  reproduced  in  Turkish  tobacco.  On  the  basis 
commonly used at present for differentiation of the plant viruses, these 
can  be  identified  as  distinct  from the  virus  causing  tobacco mosaic 
TABLE  II 
Precipitin Tests with Antiserum for Tobacco Mosaic  Virus and Extracts of Tobacco 
Mosaic  Virus  on  Various  Hosts 
Antiserum 
Undiluted 
(1:4) dil. 
Undiluted 
(1:4) dil. 
Undiluted 
(1:4) dil. 
Undiluted 
(1:4) dil. 
Undiluted 
(1:4) dil. 
Undiluted 
(1:4) all. 
Undiluted 
(1:4) dil. 
Antigen 
Host 
Tomato 
4~ 
Pepper 
g4 
Petunia 
44 
Nicotiana rustica 
4C  C~ 
Nicotiana  glutinosa 
4~  4~ 
Martynia louisiana 
~4  4¢ 
Nicotiana tabacum 
var. Turkish 
44  ~4 
Disease 
Tobacco mosaic 
~4  ~4 
gC  44 
44  44 
~4  44 
44  44 
44  ~4 
44  44 
44  44 
4¢  ~4 
4C  44 
44  C4 
4¢  44 
44  ~4 
Precipitate* 
++++ 
++++ 
++++ 
++++ 
++++ 
++++ 
++++ 
++++ 
++ 
+ 
++++ 
++++ 
++++ 
++++ 
* 0  =  no precipitate. 
±  =  very slight precipitate. 
+  =  slight precipitate. 
+ +  = moderate precipitate. 
+ + +  =  heavy precipitate. 
+ + + +  =  very heavy precipitate. 
disease.  The distinguishing features, recently enumerated by Johnson 
and Hoggan  (1931),  are to be found in the symptom  expression, the 
properties of virus extracts, the modes of transmission of the viruses, 
and  the  cytological picture. 470  TOBACCO  MOSAIC  DISEASE 
Extracts of ringspot,  cucumber, and tobacco mosaic viruses multi- 
plied  separately  in  the  common  host,  Turkish  tobacco, were mixed 
with the antiserum to determine the presence or absence of substances 
reacting with the specific precipitins. 
Another source of cucumber mosaic virus was utilized in these tests. 
Nicotiana glutinosa  was employed for this purpose since it is a  host 
TABLE  III 
Precipitin Tests with Antiserum for Tobacco Mosaic Virus and Extracts of Tobacco 
Affected with  Three Distinct  Viruses 
Antiserum 
Undiluted 
(1:4) dil. 
Undiluted 
(1:4) dil. 
Undiluted 
(1:4) dil. 
Undiluted 
(1:4) dil. 
Antigen 
Host 
Nicotiana tabacura 
var. Turkish 
Nicotiana glutinosa 
Nicotiana  tabacum 
var. Turkish 
c~  ~c 
Disease 
Ringspot 
Cucumber mosaic 
Tobacco  " 
Precipitate* 
0 
0 
0 
++++ 
++++ 
*0  -- no precipitate. 
=i=  =  very slight precipitate. 
+  =  slight precipitate. 
+-I-  =  moderate precipitate. 
+  +  +  =  heavy precipitate. 
+  +  +  .~-  =  very heavy precipitate. 
common to the viruses of both cucumber and tobacco mosaic diseases. 
While  the  tobacco mosaic virus  remains  localized  in  this  plant,  the 
cucumber  mosaic  virus  produces  a  systemic  infection  in  this  host. 
Extracts  of N.  glutinosa  affected with  cucumber  mosaic  virus  were 
tested with the antiserum for tobacco mosaic virus extract. 
Results.--Leaf extracts of Turkish tobacco affected with ringspot or 
cucumber mosaic disease gave only a slight precipitate with undiluted HELEN  PURDY  BEALE  471 
antiserum for tobacco mosaic virus on the same host and no precipi- 
tate with antiserum in a dilution of 1 : 4.  Juice from Nicot~na  gluti- 
nosa  affected with  cucumber mosaic  virus  produced  only  a  slight 
precipitate  with undiluted antiserum  and  no  precipitate  with  anti- 
serum in a dilution of 1:4 (see Table III). 
A  heavy floccnlent precipitate  formed in  every tube  containing 
tobacco mosaic virus extract from Turkish tobacco and the homologous 
antiserum (see Tables I, II, and III). 
No precipitation occurred in any of the control tubes of antigen or 
antiserum. 
DISCUSSION 
By reference to Table III it will be noted that a slight precipitation 
occurs in mixtures of undiluted antiserum and every antigen prepared 
from tobacco.  This is  attributed  to  the presence of precipitins for 
normal  tobacco  juice.  Precipitation  occurs  when  leaf  extracts  of 
healthy Turkish tobacco, tomato, petunia, and pepper are mixed with 
antiserum for either normal tobacco extract or tobacco virus extract. 
The reaction occurs only in undiluted antiserum or in dilutions usually 
not exceeding 1: 4.  When a clear filtrate of a concentrated extract of 
normal tobacco leaves is added to a  1:4 or a  1:9  dilution of an anti- 
serum for tobacco virus having a high precipitin titer, a definite pre- 
cipitate forms, while the same antigen added to normal rabbit serum 
gives an  entirely negative reaction.  Also virus extracts of Turkish 
tobacco react with low dilutions of antiserum for normal tobacco juice 
to  produce a  slight  precipitate,  while normal rabbit  serum fails to 
react.  Therefore, there seems to be little doubt that when antigens 
are prepared from hosts identical with the one used for the purpose of 
hyperimmunization or from closely related hosts, a small part of the 
precipitate formed in mixtures of antiserum is due to precipitins for 
normal  tobacco  juice.  The  reaction  can  be  readily  eliminated by 
dilution of the antiserum and the use of a less concentrated antigen. 
There has been no attempt to prove from the evidence presented in 
this paper that the viruses of cucumber mosaic and ringspot diseases 
may not be related serologicaUy to the tobacco mosaic virus.  Since 
a positive precipitin reaction is obtained only in mixtures of undiluted 
antiserum and antigen, any dilution of the antiserum, necessary for 472  TOBACCO  MOSAIC  DISEASE 
obtaining proof by the use of precipitin-absorption  tests,  would be 
objectionable.  Evidence  of a possible relationship of these three viruses 
would seem to depend upon precipitin tests between the antiserum for 
virus extract of tobacco mosaic and extracts prepared from hosts of the 
ringspot and cucumber viruses unrelated to tobacco. 
Owing to the possibility of the existence of a prozone phenomenon in 
the precipitin  reactions,  the antigens and  antiserum were tested in 
various dilutions but only with negative results when the antiserum 
dilution exceeded 1 : 4, except in the case of the antigens from plants 
affected with the virus of tobacco mosaic disease.  When undiluted 
antiserum  of  a  high  precipitin  titer  is  used  with  the  homologous 
antigen, the formation of a precipitate is frequently delayed although 
a flocculation eventually takes place. 
As shown in Table II, the reaction between the antiserum and virus 
extract of Nicotiana glutinosa is recorded as moderate or in the case of 
diluted antiserum, only slight.  The virus produces localized lesions 
in this host and according to Holmes (1929)  the virus concentration 
is never great.  Larger quantities of leaves of N. glutinosa extracted 
with a given volume of saline solution but having a low virus content, 
precipitate  antiserum  less  than  smaller  amounts  of  the  leaves  of 
other hosts of the virus having a higher virus content. 
Since  microorganisms  are  frequently  associated  with  mosaic- 
diseased plants,  the possibility that the specific precipitate is due to 
such  foreign  protein  should  not  be  ignored.  If  the  reaction  were 
attributable to such concomitant antigens, the results would indicate 
that these microorganisms are present in every host of the virus thus 
far tested and are found in tobacco affected with the common field 
mosaic virus,  and not in tobacco affected with the viruses of either 
cucumber mosaic or ringspot disease. 
SUMMARY AND  CONCLUSIONS 
1.  Leaf extracts of Sudan grass, Hippeastrum  equestre Herb., lily, 
and Abutilon striatum Dicks. (A. T~mpsoni hurt.), each affected with 
its respective mosaic disease, and peach affected with yellows disease, 
were tested for their ability to precipitate antiserum for virus extract 
of tobacco mosaic disease.  No precipitate occurred. 
2. Nicotiana glutinosa L., N. rustica L., and Martynia louisiana Mill. HELEN  PURD¥  BEALE  473 
were added to the list of hosts of tobacco mosaic virus which have been 
tested with antiserum for the same virus in N. tabacum L. var. Turkish. 
The object was to determine the presence or absence of material react- 
ing with the specific precipitins such as that already demonstrated  in 
extracts of tomato, pepper, and petunia affected with the same virus. 
The presence of specific substances was demonstrated  in every case. 
3.  The viruses of ringspot and cucumber mosaic diseases were multi- 
plied in Turkish tobacco and leaf extracts of the affected plants were 
used in turn as antigens in precipitin tests with antiserum for tobacco 
mosaic virus extract  of Turkish  tobacco.  A  slight  precipitation  re- 
sulted in the tubes containing  undiluted antiserum  and virus extract 
such as occurs when juice from normal tobacco is used with undiluted 
antiserum.  No  precipitate  was  demonstrable  that  was  specific  for 
virus  extracts  of  tobacco  affected with  either  ringspot  or cucumber 
mosaic disease. 
4.  The  results  favor the  interpretation  that  the  specific antigenic 
substance in virus extract of tobacco mosaic disease is foreign antigenic 
material,  possibly virus itself, not altered host protein. 
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